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Construction began in March 2015, launched and named in May 2016, officially delivered

and put into service in April 2017, research vessel Tan Kah Kee (R/V TKK) is one of the

most advanced and versatile research vessels in China. Xiamen University (XMU), as

the owner, possesses the full intellectual property rights of its one-of-a-kind design. The

new vessel was named in memory of our great founding father, the renowned patriotic

overseas Chinese leader Mr. Tan Kah Kee, who established XMU in 1921. Since then, having a
modern, highly capable research ship has been a century-long dream for generations of XMU's
oceanographic community.
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Mission of R/V TKK
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R/V TKK’s mission is to provide the best possible facility,
technical and operational assets to meet seagoing
scientific and educational mission requirements of
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& / From the Director

The R/V TKK operation throughout 2020, an extremely unusual

year, has witnessed our perseverance for 366 days and nights.

This year, the COVID-19 pandemic swept the whole world. All aspects
of work, travel and life of everyone were severely affected. Just like
the international shipping industry, the operation of a research vessel
has encountered unprecedented difficulties and challenges. Due to
the numerous restrictions on international travel and port epidemic
prevention, the third “XMU at Sea” cruise could not be implemented,
and our plan to revisit Malaysia was forced to be cancelled; various
prevention and control requirements during the pandemic coerced
every participant to spend more time and more expenses to deal with
all kinds of special arrangements during their port calls.

Facing this severe COVID-19 pandemic, we adjusted our 2020 ship
scheduling in time, compiled the “Guidelines on COVID-19 Epidemic
Prevention and Control for R/V TKK”, and carefully implemented all
measures needed during every cruise. We also conducted a ship-to-
shore cruise emergency drill jointly with Donghai No.2 Flying Service
of Ministry of Transport and Xiang’an Hospital of Xiamen University to
ensure the practicality and feasibility of our emergency plan. Our ship
sailed 218 days in total—even more than last year! All 301 participants
who sailed onboard R/V TKK were in good health.

Nearly half of the time was spent on the NSFC Open Research Cruises
(NORC) in the central South China Sea (SCS). In mid-April, our R/V
TKK was the first to sail out to implement the NORC cruises. During
the KK2002 cruise, the “Teacher at Sea onboard R/V TKK” project was
officially launched, which allowed K-12 science teachers to participate
our research cruise and present their class on our research ship. This
is going to be an innovative long-term plan for ocean science basic
education. In high-summer we all witnessed new records out of the
longest KK2003 cruise: up to 51,840 liters of seawater was sampled; the
range was nearly 7,500 nautical miles in this 51-day expedition. This
Carbon-FE northwestern Pacific Cruise in summer, coded as GPprl5,
was the second international cruise led by XMU scientists and also
endorsed as GEOTRACES Process Study.

Next year, XMU is going to celebrate her 100th birthday, and our

R/V TKK will indeed be part of a series of carnivals. We hope that
international collaborations to fight against COVID-19 can speed

up people’s access to the new vaccine and play an important role in
mitigating and effectively controlling this pandemic. Only in this way
can the marine operations of research vessels gradually return to its
normal form, and the “XMU at Sea” cruise that our students have been

waiting for can return to our ship’s annual schedule.

In 2021, let us pray together that our prosperous planet will be fully
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Haili Wang
December 2020

recovered.
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First Resumed RV Operation during the COVID-19 Pandemic
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On April 15, Marine Operations (XMU) resumed seagoing operations of R/V TKK. It was
China’s first institution to return to operations of research vessels during the COVID-19
outbreak. Epidemic prevention and control measures were prudently taken to ensure the

safety and health of all cruise participants throughout the year, and they all accomplished

the expeditions and returned safe and sound.
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Teacher at Sea onboard R/V TKK
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In June, “Teacher at Sea onboard R/V TKK” was officially launched during the KK2002 cruise. The

initiative is an innovative attempt open to China’s K-12 ocean science education. On June 15, the first

online lecture was held onboard, and its related coverage on cyber media exceeded five million hits.
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GEOTRACESHRIAIFATK
Carbon-FE Cruise Endorsed as GEOTRACES Process Study
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From July 3 to August 22, the NSFC major research program—“Carbon
Fixation and Export in the oligotrophic ocean, Carbon-FE” in the
northwestern Pacific Ocean in summer (Carbon-FE northwestern Pacific
Cruise in summer) was accomplished onboard R/V TKK during the KK2003
cruise. More than 400 over-the-side operations were conducted during

the 51-day cruise. This multi-disciplinary exploration was the second
international cruise led by Chinese scientists and endorsed as GEOTRACES
Process Study (GPprl5).
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NSFC Open Research Cruise (NORC)
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In 2020, three NORC cruises (KK2001, KK2002 and
KK2004) were implemented onboard R/V TKK in the
central SCS (NORC2019-06 and NORC2020-06). These
cruises supported 53 NFSC-funded projects and
obtained valuable data and samples, with a total of 111

days at-sea operations.
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Bl #4% / Our Expeditions
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72 £E /2020 in Numbers & Figures
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Epidemic prevention and control measures were strictly

implemented during all cruises throughout the year, and all 301
cruise participants accomplished the expeditions and returned safe

and sound.
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Due to the COVID-19 pandemic, Marine Operations (XMU) suspended seagoing
operations and resumed until mid-April. By the end of November, six research
cruises were accomplished, which took 218 at-sea working days in total, and
sailed around 22,000 nautical miles.
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During the KK2002 cruise, the first online lecture of “Teacher at Sea
onboard R/V TKK” initiative attracted more than one million online viewers,
and its related coverage on cyber media exceeded five million hits.
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During the KK2003 cruise, 151 regular CTD casts and 29 TMC casts at 19
stations were completed with a deepest sample at 5,805 meters and a
total water sample volume of 51,840 liters, setting a new record for water
sampling on a single cruise.
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Carbon-FE northwestern Pacific Cruise in summer was accomplished by
scientists onboard from July 3 to August 22, and R/V TKK sailed 7,476 nautical
miles during this 51-day exploration, being the longest cruise since her delivery.
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unmanned aerial vehicle onboard R/V TKK was . .
operations at Xiamen Bay.

cooperatively conducted by School of Aerospace
Engineering (XMU) and Shipboard Technical
Support (STS) of Marine Operations (XMU). 6H/June

6 A 1 H, KK2002 347 2018 4F & 1 2019 4E [ i

HEs g 2 tE = ik (NORC2019-06 i1 NORC2020-06)

SR ER YA GEE AT, AR e I A R E
. B “BEBESHERERYEE” R, KN E S ERRIRT

4R/ April 6 A 15 TRt

4 715 H, FEEDMUBBHEEAT “B7 58

FEEM, EREFTERBRRAREEHEIR,

On June 1, the geological and geophysical cruise

in the central SCS (NORC2019-06 and NORC2020-

On April 15, Marine Operations (XMU) resumed 06) was conducted onboard R/V TKK. During the
cruise, “Teacher at Sea onboard R/V TKK” program
to innovate China’s K-12 ocean science education was

seagoing operations during the COVID-19 pandemic,
and R/V TKK sailed in the SCS under the circumstances

of rigorous epidemic prevention and control. eitneEly Lzl
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On April 16, the first ship-to-shore cruise emergency
drill in response to COVID-19 outbreak was successfully
conducted onboard R/V TKK, jointly cooperated with
Donghai No.2 Flying Service of Ministry of Transport

and Xiang’an Hospital of Xiamen University.

© BRZE Kun Chen




© EI1/8X A1 Jun Tang




'Eﬁﬁﬁ‘ﬁi > 1471
St > 12 500(@%

B > 50?5 "-_,
CEL 54N o Area of Working Deck

TAERRmAL: 432°5F75 K Area of Laboratories
SR EM: 407°F 77K Capacity




- =

TP B IR B SRR LA HRSERS, VA EL S Hh G
REJ, KA, SERIERA R, RamERERonte, S EasREREn,
AL VKD RIS Rl L A 2%, -

R/V TKK strives to provide safe, efficient and advanced shipboard technical support to
oceanographic expeditions. Commissioned with tailor-designed low-noise electric propulsion
system, the vessel has outstanding science handling abilities, equipped with state-of-the-art
acoustic transducers, with highly precise dynamic positioning performance and broad-band data
transmission capability, enabling it to carry out multi-disciplinary field observations in global ice-

free waters.
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Launch and Recovery System
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Major Science Mission Equipment
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The early season of 2020 witnessed the severe

challenges caused by the COVID-19 pandemic.

Recognizing the health and safety risks posed by

the continued spread of virus, Marine Operations

(XMU) promptly developed “Guidelines on COVID-19

Epidemic Prevention and Control for R/V TKK”

to proactively prepare for the resumption of the

forthcoming cruise. This guidance provided the

following:

« Specific preventive guidelines for R/V TKK.

« Establishing an interim panel.

« Supplemental guidance on vessel sanitation and well-
stored medical supplies.

Overall, safety of each cruise participant remained

paramount. Thus, incorporated with the cruise

practices into epidemic prevention and control, a

robust set of strengthened pre-cruise protocols were

carefully executed as following:

+ Developed 14-day Health Declaration Archives.

« Conducted required COVID-19 testing.

« Invited experts in disease control to provide proper
training.




On April 15, based on a thorough risk assessment and

prudent pre-cruise preparation, Marine Operations
(XMU) resumed seagoing operations of R/V TKK,
being China’s first academic institution returning to
operations during the COVID-19 pandemic. A ship-to-
shore cruise emergency drill was jointly conducted in
nearshore Xiamen Bay onboard R/V TKK, cooperated
with Donghai No.2 Flying Service of Ministry of
Transport and Xiang’an Hospital of Xiamen University.
This drill was an important precautionary measure to
test whether the emergency plans were operationally
feasible and responsive to the issues likely to arise
onboard.

Epidemic prevention and control measures were
strictly implemented during all cruises throughout
the year, and all 301 cruise participants accomplished
their expeditions and returned safe and sound.
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NSFC Open Research Cruise (NORC)
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In 2020, three NORC cruises (KK2001, KK2002 and KK2004) were implemented
onboard R/V TKK in the central SCS (NORC2019-06 and NORC2020-06). These
cruises supported 53 NFSC-funded projects from 13 institutions and obtained

valuable data and samples, with a total of 111 operational days at sea.
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Comprehensive Biogeochemical Cruise in central SCS (NORC2019-06)
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Cruise ID: KK2001

Chief Scientist: Xianghui Guo, Associate Professor of XMU
Duration: 39 days (April 15-May 21), with 37 days at-sea operations
Range: 4,700 nautical miles

Participants: 23 scientists from XMU and South China Sea Institute

of Oceanology, China Academy of Sciences (SCSIO)
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From April 15 to May 21, the comprehensive
biogeochemical cruise in the central SCS (NORC2019-
06) was accomplished onboard R/V TKK. This cruise
supported 13 NSFC-funded projects along a survey
track of 4,700 nautical miles. Xianghui Guo, Associate
Professor of XMU, was the chief scientist.

Operations conducted: 162 CTD casts, 137 turbulence
profiling, 20 multi-net plankton sampling, 11 in-

situ LVPs, 3 mooring deployments, and 4 mooring
recoveries, with 43,800 liters water samples collected.

On May 20, more than 100 researchers carried out

a multi-ship monitoring of a harmful algal bloom

event in the coastal waters of Fujian. Research groups
onboard R/V TKK accidentally joined this campaign

en route the inbound of KK2001 cruise. Six stations
were occupied during 7-hour operations at Xiamen Bay.
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Geological and Geophysical Cruise in central
SCS (NORC2019-06 and NORC2020-06)

fik4mS: KK2002
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Cruise ID: KK2002

Chief Scientist: Dr. Yanlin Wang, Research Associate of SCSIO

Duration: 33 days (May 27-June 28), with 26 days at-sea operations

Range: 3,200 nautical miles

Participants: 28 scientists from XMU, SCSIO and Institute of Oceanology, Chinese Academy of Sciences (IOCAS)
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From June 1 to June 26, the geological and geophysical
cruise in the central SCS (NORC2019-06 and NORC2020-
06) was successfully accomplished onboard R/V TKK.
The cruise supported 22 NSFC-funded projects, and 28
scientific researchers from 11 domestic institutions.
Dr. Yanlin Wang from SCSIO served as chief scientist.

Over 300 nautical miles geographical survey lines
were implemented. In addition, there were 32 grab
sediment samples, 15 box cores, 27 gravity cores, 10
plankton trawls, 7 benthic trawls, 21 heat flow probes,
and 7 underwater photography operations conducted
at 86 stations.

Submarine mud volcano is one of the key survey
missions during the KK2002 cruise. With the ship-
borne multi-beam seafloor mapping system and sub-
bottom profiler, abundant geophysical, sedimentary
and biological evidence of oil and gas leakage, such as
mud volcanic vents and gas plumes, a large number
of carbonate chimneys/nodules and cold-water
corals, were found in the Dongsha area. Dr. Yanlin
Wang pointed out that the submarine mud volcano
was a highlight of this cruise. It fully embodied the
interdisciplinary cooperation of marine geophysics,
geology, and biology.
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Comprehensive Biogeochemical Cruise in
central SCS (NORC2020-06)

fiikgms: KK2004

BRI EJ TR I R20%

fiidA: 8 H23 H—10 A 1 H, A#l40 K (g LAk 30 R)

ik #3809 #igH

SN BITRE, RERERE BAEVRIES ISR, PEERY:, PERZEGOEE TS 28 ARHFA R
Cruise ID: KK2004

Chief Scientist: Tiantian Tang, Associate Professor of XMU

Duration: 40 days (August 23-October 1), with 30 days at-sea operations

Range: 3,809 nautical miles

Participants: 28 scientists from XMU, IOCAS, Qingdao Institute of Bioenergy and Bioprocess Technology,
Chinese Academy of Sciences (QIBEBT) and Ocean University of China (OUC)
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From August 30 to September 30, the comprehensive
biogeochemical cruise in the central SCS (NORC2020-
06) was accomplished onboard R/V TKK. This cruise
supported 18 NSFC-funded projects and 28 scientists

from four institutions. Tiantian Tang, Associate

Professor of XMU, served as the chief scientist of this

KK2004

cruise.

Totally there were 167 CTD casts, 39 trawls, and 11
in-situ LVPs implemented at 33 stations during the
cruise. Despite the influence of the typhoon “Noul”,
a comprehensive survey was successfully carried
out in the central SCS basin, and valuable data were

collected.
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Asa type of submatine mud volcano, oil-gas mud The Dongsha Waters in the northern SCS is a major

volcaneis the eruption of oil and gas-bearing muddy
fluids. They are not only a window for understanding
deep geological tectonic movement, but also an
indication of deep oil and gas reservoirs. In addition,

the methane gas can also for mwigthe deep-

water ageas, support chemical nutrient organisms and
thus f%ea biological reefs, while the rest of

methane is rel

d into the sea and the atmosphere.
Therefore, the surveys and studies of submarine
mud volcanoes have important resource value and
scientific significance to marine geology, biology and
environment.

Mesozoic sedimentary region, but there has been no
discovery of oil and gas and hydrate so far. During the
KK2002 cruise, abundant geophysical, sedimentary
and biological evidence of oil and gas leakage, such as
mud volcanic vents and gas plumes, a large number
of carbonate chimneys/nodules and cold-water corals,
were found in the Dongsha area. Meanwhile, an

area with a large amount of carbonate nodules were
discovered by submarine cameras. The results of the
KK2002 cruise indicate rich petroleum resources in the
Dongsha area.
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Carbon-FE northwestern Pacific Cruise in summer

fiik4is: KK2003
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SRHANG: RAEITRS PEBERY:, RERERE, PERABHEEN SRR AL 36 ARHIFA G
Cruise ID: KK2003

Chief Scientist: Xin Liu, Associate Professor of XMU

Location: northwestern Pacific

Duration: 55 days (June 29-August 22), with 51 days at-sea operations

Range: 7,476 nautical miles

Participants: 36 scientists from XMU, OUC, IOCAS and Shanghai Jiao Tong University
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Fixation and Export in the oligotrophic ocean,
Carbon-FE) BZEFHA TR MR (KK2003) 7£ “FE5E”
S RWRITER. WIEECR BET TR%, HEEE R,
FHEESERE, PEREEBEET R TR ALY 36
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Elements and Isotopes Sampling System, TEISS) )32
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On August 22, Carbon-FE northwestern Pacific Cruise
in summer was successfully implemented onboard R/V
TKK. Thirty-six scientists from four domestic research
institutions participated in this cruise. Scientists
conducted transactional surveys and collected

various samples to tackle the scientific questions

for ocean-atmosphere interaction, hydrography,
biogeochemistry and trace metals in the northwestern
Pacific, an oligotrophic “desert” in the ocean.

During the 51-day cruise, nearly 400 over-the-side
operations were conducted with multi-platform
observations and sampling, including trace metal
clean CTD rosettes, in-situ pumps, sediment trap
deployments, plankton vertical trawls, optical profiler
and BGC-Argo float deployments.

This was the second international cruise endorsed as
GEOTRACES Process Study and was coded as GPpr15.

Twenty-two stations were investigated during the

cruise, including five key TEISS stations, ten regular
TEISS stations, three hydrological stations and four
key underway stations. Twenty-nine TMC CTD casts

© =& Zhigang Gao

were implemented, with the deepest sampling at 5,796
meters. The underway equipment such as ADCP, SBE
21, MVP300 and automatic weather station (AWS)
were intensively utilized. Additionally, survey data
were obtained by MVP300 out of 1,120 profiles along a
survey track of 2,500 nautical miles.

Equipped with the reliable Trace Element and
Isotopes Sampling System (TEISS) onboard R/V TKK,
four trace element cruises have been successfully
accomplished by XMU, including two sea trials of trace
element equipment and two GEOTRACES-endorsed
cruises. Moreover, GEOTRACES-CHINA GP09 wNP
Section Study Cruise Report has been available since
December 2019 on the GEOTRACES website:
https://www.bodc.ac.uk/geotraces/data/inventories/.

During this cruise, R/V TKK sailed more than 7,000
nautical miles, being the longest single cruise since
her delivery.
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At the beginning of 2020, a newly-installed equipment,
the impressive large soccer ball shaped object on the
top of the central mast of R/V TKK, makes the ship
look quite different. It is the C-band dual-polarization
Doppler weather radar.

Confucius, the paragon of Chinese philosophers, once
said, “A craftsman must sharpen his tools to do his
job.” The Doppler weather radar on R/V TKK serves as
an essential and powerful weather observation system
for atmospheric and marine scientific research.
Featuring an active microwave atmospheric remote
sensor, the weather radar plays a
vital role in the observation
of mesoscale weather
system. It is capable
of obtaining radar
echoes from the
meteorological
targets such

as clouds and
rain within a
radius of 150
kilometers
from the

vessel and 20
kilometers over
the ocean. It also
can provide real- :
time observation such as S

the intensity and location of
meteorological targets within a radius
of 400 kilometers radius from the ship, providing
references in choosing navigation routes and scientific
research stations. The precipitation distribution, the
wind profile, and their dynamic structures, as well

as other precipitation estimates can also be inferred
by the radar. This helps scientists to gain better
understanding in precipitation mechanisms. The data
can be used to improve climate models and weather
predictions.

el
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The Doppler weather radar hosted onboard
R/V TKK works at C-band range (wavelength 3.75 ~
7.5 centimeters) and is often used for precipitation
measurements. It sends and receives microwave
pulses. The pulse has vertical and horizontal signals,
called dual polarization. The emitted radio waves
are normally scattered by raindrops, ice crystals,
snowflakes and other particles in the atmosphere.
Then the reflected electromagnetic waves are received
by the radar’s antenna and processed by designed
algorithms to eventually produce an echogram. The
returning signal reveals the information

on the number, size, shape, and
movement of rain, hail,
ice and snow. This
helps scientists
to understand
the intensity,
distribution,
and
evolution of
precipitation.

Doppler
weather radar
is mounted

atop the vessel’s
main mast within a
protective radome that
is designed to guarantee

all weather operations of the
system. The radar transmitter, Stewart
platform, servo processor, and power suppliers are
all suited within the radome. In the central electronic
lab, the control system of the radar along with signal
processor, IQ archiving unit, data processing units
and product visualization terminals are cooperatively
operated to ensure the highest possible performance
of the weather radar at sea.
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Over a century ago, Mr. Tan Kah Kee, the founding
father of XMU, established professional schools in
Navigation and Fisheries at his hometown Jimei,
holding the view of “cultivating maritime professionals
for China”. Despite the pioneering contributions he
had made to China’s marine education, it still remains
one of the major national policies in China to develop
as a maritime power, which calls for the crucial role

played by K-12 education.

By offering seagoing opportunities to participating
teachers onboard the advanced platform such as R/V
TKK, the program provides first-hand ocean science
knowledge to K-12 students through this unique at-sea
class, implementing a great transform from traditional

teaching approaches on land.

Beginning in 2020, selected K-12 science teachers

from all over the country will be invited to attend the
“Teacher at Sea” program. They will take an expedition
at sea onboard R/V TKK and offer live online courses

about ocean science and technology.
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On June 15, 2020, the first “Teacher at Sea” online
lecture was broadcast on R/V TKK with the theme
“Adventure to Explore Marine Life and Sea-bottom
Sediments in the SCS”. The lecture was given by

Chen Qing-jun, a Geography teacher from Jimei High
School. Mr. Chen took students from his school and
those from Linxia Huimin Middle School in the remote

northwestern inland Gansu Province, on an up-close

virtual tour of R/V TKK, where they were able to
immerse themselves in the approaches and fascination
of ocean science field investigations and interactively
communicate with each other online. Well supported
by scientists of the NSFC Open Research Cruise in

the SCS (NORC2020-06), the 45-minute lecture and its
series of related media coverage attracted nearly five

million online viewers.

On June 17, the news “Online Lectures Launched
onboard R/V TKK” was broadcast by CCTV. It also

reported that students and teachers were able to

E50R Jiajn Huang

virtually explore this world-class research ship and

reaped the benefits of the platform.
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FuFATF Director
522 Dr. Haili Wang

255 \55¥k Administration
AsgE. Wi, BORERBEEERERX LS IE,
The admin office is responsible for coordinating and supervising all administration affairs that are relevant to R/V

TKK’s routine operation.

HEih, R, BRGE. MRk, RURK, RIoiy, BEER. XIRKER

M B3R Crew

AFREREME NS ERETY, SN FREMBVENERRER, EaB RNERRITRUEL,

The crew onboard R/V TKK are responsible for the legal and safe navigation at sea, maintaining and ensuring the
daily usage of all shipborne equipment, and cooperating with STS for at-sea scientific operations.

Fie, BRE, IEER. TR FRBRIE, BRE, R, MEF, R, R, B, oK.

JEI B, 2R, Bt SO PR DUREK

5 IR Shipboard Technical Support
AREMAIERHEEZEERZ LR ENRESHER, AN LELRENEE, HESHFARNITELER
MR, BERMEAZRENZEER. BRIFNSREBUENR.

Shipboard Technical Support (STS) is a vital sector in Marine Operations (XMU). Its responsibility is to operate

and maintain all scientific mission equipment, to manage shipborne laboratories, to coordinate and assist science
parties to carry out various over-the-side operations onboard R/V TKK, such that to ensure the acquisition of high

quality scientific data and samples at sea in a safe and efficient way.

RS, LB, MRk BRmR, AR, ERE, ROAE, @R, S, Sdm, WA, FRZ, FRIHER

ZURlHL Data and Sample Repository

TSRS IR RIS Ry, R EUE SARAETAE, VIR, BB, SRR IR S5
SRR S BT A B R SR s, SRR, $RABUiiR S LM%,

Data and Sample Repository is responsible for archiving, processing and quality control of all cruise data, as well

as the archiving and storage of important samples collected from R/V TKK.
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